Rationale: Minimizing exposure of children to blood products is desirable. Objectives: We aimed to understand anemia development, blood loss, and red blood cell (RBC) transfusions in the pediatric intensive care unit (PICU). Methods: Prospective, multicenter, 6-month observational study in 30 PICUs. Data were collected on consecutive children (,18 yr old) in the PICU for 48 hours or more. Measurements and Main Results: Anemia development, blood loss, and RBC transfusions were measured. A total of 977 children were enrolled. Most (74%) children were anemic in the PICU (33% on admission, 41% developed anemia). Blood draws accounted for 73% of daily blood loss; median loss was 5.0 ml/day. Forty-nine percent of children received transfusions; 74% of first transfusions were on Days 1-2. After adjusting for age and illness severity, compared with nontransfused children, children who underwent transfusion had significantly longer days of mechanical ventilation (2.1 d, P , 0.001) and PICU stay (1.8 d, P 5 0.03), and had increased mortality (odds ratio [OR], 11.6; 95% confidence interval [CI], 1.43-90.9; P 5 0.02), nosocomial infections (OR, 1.9; 95% CI, 1.2-3.0; P 5 0.004), and cardiorespiratory dysfunction (OR, 2.1; 95% CI, 1.5-3.0; P , 0.001). High blood loss per kilogram body weight from blood draws (OR, 1.11; 95% CI, 1.03-1.2; P 5 0.01) was associated with RBC transfusion more than 48 hours after admission. The most common indication for transfusion was low hemoglobin (42%). Pretransfusion hemoglobin values varied greatly (mean, 9.7 6 2.7 g/dl). Conclusions: Critically ill children are at significant risk for developing anemia and receiving blood transfusions. Transfusion in the PICU was associated with worse outcomes. It is imperative to minimize blood loss from blood draws and to set clear transfusion thresholds.
Anemia is common in critically ill children admitted to the pediatric intensive care unit (PICU) (1). There are numerous possible causes for the anemia of critical illness, including chronic anemia, overt and occult blood loss (2) , underlying disease and treatments causing bone marrow suppression. An inadequate erythropoietin response to anemia in critically ill patients is described in adults (3) (4) (5) as well as in children (1). However, there are no data available on blood loss in children admitted to the PICU.
Red blood cell (RBC) transfusions are a common therapy in critically ill and injured children. There are multiple risks associated with RBC transfusions, including transfusion-transmitted infections, transfusion-related acute lung injury, hemodynamic compromise, intravascular volume overload, acute hemolysis, and immunosuppression (6) (7) (8) (9) . In adults, RBC transfusions have also been associated with prolongation of mechanical ventilation (10) , diminished organ function, and even death (11, 12) . To date, no multicenter prospective data on anemia and transfusions in the PICU are available.
In this study, we focused on children with a longer PICU stay who could most benefit from PICU interventions such as blood conservation protocols or erythropoietin therapy. Children with a PICU stay greater than 48 hours represent approximately 20% of PICU admissions, but account for disproportionately high PICU resource utilization (13) . We aimed to prospectively assess the epidemiology of anemia and red cell transfusions in this population as well as to determine the causes of blood loss in the PICU. Outcomes and complications were captured to assess any association with transfusions.
METHODS
This was a prospective, multicenter, epidemiologic, observational study conducted in 30 PICUs of the Pediatric Acute Lung Injury and Sepsis Investigators (PALISI) Network in the United States and Canada from September 8, 2004 , to March 29, 2005 . All consecutive children, younger than 18 years, admitted for any reason were eligible for study enrollment once remaining in the PICU for more than 48 hours (see the online supplement for information on children with PICU stay < 48 h). Exclusion criteria included the following: premature neonates (corrected gestational age < 37 wk and age , 28 d), prior participation in the survey, family history of refusing blood transfusions, involvement in other transfusion or blood management-related research, pregnancy, impending brain death, and recent (within 7 d) PICU stay of more than 72 hours. Enrollment in the study continued until the predefined sample size (z1,000 children with length of stay . 48 h) had been reached. The survey did not require additional interventions/procedures that were not part of routine medical practice. The institutional review board approved the study at each site. Written, informed consent was obtained for all enrolled subjects.
All blood loss information was collected prospectively on all children from admission onward. Other data from the first 48 hours after admission were collected retrospectively. All data after 48 hours of admission were collected prospectively. The number of blood draws and volume of each draw were recorded by the bedside nurse and collected for all children each day the patient remained in the PICU. A day was defined as a calendar day starting at midnight. Data were collected for all participants for a maximum of 28 days total or until hospital discharge, interinstitutional transfer, or death. Children readmitted to the PICU less than 48 hours after transfer were regarded as still in the PICU.
Data collected on admission included the following: demographics, severity of illness using the Pediatric Risk of Mortality (PRISM) III score (14) , organ dysfunction using Pediatric Logistic Organ Dysfunction (PELOD) score (15) , and multiple organ dysfunction score (MODS) (16) . Daily data collection included lowest daily hemoglobin (Hb) level, RBC transfusion events, reason for physician ordering transfusion, blood loss from blood draws, PELOD and MODS variables, and clinical events including mechanical ventilation, specific technologies, surgery, or complications. Anemia was defined as an Hb concentration 2 SD below the mean Hb concentration for each age group. The cutoff values to determine anemia were as follows: 14.5 g/dl for neonates, dropping to 9 g/dl at 2 months of age, then rising to 10.5 g/dl at 6 months of age, 11.5 g/dl at 2 years of age, and 12 g/dl in females and 13 g/dl in males at adolescence (17) . The following categories of severity of anemia were created for subsequent analysis to assess the impact on degree of anemia: ''severe anemia,'' an Hb of less than 7.0 g/ dl; ''moderate anemia,'' an Hb greater than 7.0 and less than 10.0 g/dl; and ''mild anemia,'' anemia and an Hb greater than 10 g/dl.
Chi-square tests were used to make unadjusted bivariate tests of association between the outcomes and categorical predictors. For continuous predictors, Student's t tests were used. Children with anemia on admission to the PICU, children who became anemic during their PICU stay, and children who were never anemic were compared with analysis of variance. The relationship between complications and transfusion on Day 1 or 2 was examined by comparing the complications on Day 3 or later in two groups: (1) those with one or more transfusions on Day 1 or 2 (n 5 363) and (2) those with no transfusions during their PICU stay (n 5 494). Logistic regression, adjusted for age and admission PRISM III score, was used to compare odds of complication for the subjects who did or did not undergo transfusion. Logistic regression was also used to model risk for developing anemia and risk for receiving a transfusion. Separate regression models were computed for each outcome. In each case, a backward variable selection procedure was used to eliminate predictors not significantly associated with the outcomes. Determination of clinical risk factors for the logistic regression models-(1) developing anemia after Day 2 and (2) getting a transfusion after Day 2-were calculated. Children receiving extracorporeal membranous oxygenation (ECMO) on Day 1 or 2 (n 5 19) were excluded from regression models (SAS version 9.1; SAS Institute, Cary, NC). Median Hb for the transfused and nontransfused groups was compared by ranking Hb levels, by day, for the two transfusion groups combined and using a generalized estimating equations regression model (SAS Proc Genmod; SAS Institute) to test for a main effect of transfusion group.
RESULTS
Children were enrolled from moderate-to large-sized PICUs (70% in children's hospitals and 60% in academic centers) in the United States (25 sites, at least 1 from each U.S. Census region) and Canada (5 sites from 4 regions). Table E1 (see the online supplement) details enrollment by census region. The median number of PICU beds was 20 (range, .
There were 5,570 admissions during the study period; 1,097 (19.7%) remained in the PICU for more than 48 hours. Of these, 986 were enrolled (consent rate, 89.9%). There were nine incomplete case report forms (0.7%) from one study site, leaving 977 children for analysis. Baseline demographic characteristics of these children are presented in Table 1 together with baseline data on anemic children, children who received a transfusion, and those that developed anemia or received a late transfusion.
In the youngest age category (<28 d), 63% of patients were primarily admitted as surgical nontrauma, whereas in the three oldest age groups, the highest proportion of children were admitted as medical nontrauma. Children in the age category ranging from 28 days to less than 2 years were equally distributed between these two admission types. The most common primary PICU admitting diagnostic category for children younger than 28 days was the cardiovascular system (n 5 62 [75%]). In contrast, the respiratory system was most common among the three middle age categories (38-42% of children). In the oldest age group, the respiratory and central nervous systems were the most common admitting diagnostic categories (32 and 34% of children, respectively). There was an increasing trend with age in the proportion of children whose primary PICU admitting diagnostic category was the central nervous system.
Anemia
A history of anemia within 7 days before PICU admission was reported in 15% of children. Anemia in the PICU was common: it was present on admission in 33% of children. An additional 41% became anemic during their PICU stay. Only 26% of the children never became anemic. Anemia overall (either on admission or during PICU stay) was more common in neonates and adolescents ( Figure 1 ) (P , 0.0001).
Children with anemia on admission to the PICU had a higher severity of illness score with higher PRISM III (mean, 5.3 6 5.8) than children who became anemic during their PICU stay (mean, 3.8 6 5.1) and children who were never anemic (mean, 3.3 6 4.5) (P , 0.0001). There was no difference in the amount of average daily blood loss from all sources among these three groups. The PICU length of stay was greatest in the group who developed anemia in the PICU (mean, 10.4 6 7.8 d) compared with those anemic on admission (8.9 6 7.0 d) or never anemic (6.6 6 5.9 d) (P , 0.0001). In addition, children who developed anemia in the PICU had more days of mechanical ventilation (mean, 6.7 d) than those anemic on admission (5.7 d) or never anemic (2.7 d) (P , 0.0001).
A multivariate logistic regression model was used to identify independent risk factors fore children developing anemia more than 48 hours after admission. Children were excluded if they were receiving ECMO or if they had anemia on admission or anemia on Days 1-2 (438 children were left for analysis; 176 developed anemia). Factors predictive of anemia development in the univariate analyses were tested in the multivariate model and are reported in Table 2 . Significant predictors of initial anemia development more than 48 hours after PICU admission were age of 28 days or younger, no RBC transfusion on PICU Days 1-2, presence of shock on PICU admission, admission category of ''other'' (gastrointestinal, endocrine, renal, hematology/oncology), baseline PELOD score of 11 or more, and having a respiratory comorbid condition. Factors not predictive of developing later anemia in the bivariate analysis were transfusion before admission, sex, race, admission type (medical, surgical nontrauma, trauma), PRISM III score (0, 1-5, >6), and blood loss/ kg from blood draws on admission for Days 1-2.
Blood Loss
Almost all children (96.5%) had blood loss from blood draws, 325 (33%) had some blood loss due to procedures (median daily loss was 0.25 ml/kg), and 233 (24%) had blood loss due to spontaneous bleeding (median daily loss was 2.56 ml/kg). Blood loss from blood draws accounted for the majority of total blood loss during the ICU stay in all age groups (mean, 72.9%; median, 100%). Children who had either an arterial line or a central venous catheter in place during the PICU stay had a 2.3-to 4-times higher median number of blood draws per day through Day 14 of their PICU stay than children with peripheral venous lines only.
The mean volume of blood loss per blood draw was 2.7 6 2.3 ml/draw (median, 2.0 ml/draw). There were a mean of three blood draws/day with a mean daily volume of blood loss of 8.25 6 21.5 ml/day (median, 5.0 ml/d; adjusted for weight, 0.32 ml/kg/d). An analysis of daily blood loss from blood draws by age category adjusted for weight (kg) shows an inverse relationship between blood loss/kg and age (P 5 0.02) ( Figure 2 ). For all children, there was a decreasing trend in the median number of daily blood draws per patient over time during the PICU stay, with the highest number of blood draws per patient (mean, 7; median, 6) occurring on the second calendar day of admission.
RBC Transfusion
Overall, 475 (49%) children received one or more RBC transfusions during the PICU stay and 6% received a transfusion after PICU discharge. The first transfusion was given within 48 hours of PICU admission 74% of the time (22% received their first transfusion between Days 2 and 7, and only 4% received their first transfusion . 7 d after admission to PICU). One hundred eighty-one (38%) children who received a transfusion had only one transfusion, whereas 110 (23%) had two, 50 (11%) had three, and 34 (7%) had four transfusions. The remaining 100 (21%) had four or more transfusions, and this group received 1,017 (50%) of all transfusion events. The time course of transfusions is (12) 37 (11) 17 (10) 36 (8) 13 (8) Cyanotic congenital heart disease 136 (14) 25 (8) 34 (19) 110 (23) 33 (20) Nervous system 199 (20) 65 (20) 38 (22) 66 (14) 27 (17) Renal and urologic 80 (8) 34 (11) 14 (8) 44 (9) 12 (7) Other 128 (13) 46 (15) 18 (10) 73 (16) presented in Figure 3 , which shows the predominance of early transfusions. Transfusion-related complications of fever, hemolysis, or transfusion reaction were rare at 0.5%. Data on packed RBC (PRBC) characteristics were available for 1,301 transfusions that occurred in the PICU after enrollment. This revealed that 69% of these PICU transfusions were with irradiated blood, 92% were from unrelated donors, and 86% were leukocyte depleted. The storage age of the blood was recorded in 1,288 transfusions. Sixty-five percent (842) of the PRBCs given were less than or equal to 14 days of storage. The mean age of the blood, when recorded, was 13.3 days.
Compared with the subset of children who did not receive a transfusion during the PICU stay, the children who received a transfusion in the PICU were younger (mean age, 4.5 vs. 6.6 yr; P , 0.001), had a higher rate of anemia on admission (44 vs. 22%, P , 0.001), and had higher baseline PRISM III score (P , 0.001). Transfusion incidence by age is presented in Figure 1 . Children who received at least one RBC transfusion during their PICU stay also had a greater average daily blood loss (median, 1.6 vs. 0.2 ml/kg; P , 0.001), a higher incidence of anemia (24 vs. 7%, P , 0.001) and transfusions (41 vs. 2%, P , 0.001) within 7 days before PICU admission, more surgical/invasive procedures at PICU admission (47 vs. 38%, P 5 0.003), and more shock on admission (21 vs. 6%, P , 0.001). Most of the children who had a primary admitting diagnosis pertaining to the cardiovascular system received a transfusion during the PICU stay (74%).
A total of 3,521 predefined complications were documented during the PICU stay. The effect of transfusion on outcomes was evaluated by comparing PICU complications that occurred after 48 hours in those children who had received a transfusion on Day 1 or 2 (n 5 363) with those who never received a transfusion (n 5 494) during their PICU stay. Correcting for age and for admitting PRISM III scores, the transfused group had an increased risk of death (odds ratio [OR], 11.6; 95% confidence interval [CI], 1.43-90.9; P 5 0.02), an increased risk of death and/or cardiac arrest (OR, 20.0; 95% CI, 2.6-166.7; P 5 0.004), a higher rate of nosocomial infections (OR, 1.9; 95% CI, 1.2-3.0; P 5 0.004), and more cardiac or respiratory dysfunction (OR, 2.1; 95% CI, 1.5-3.0; P , 0.001). The transfused group had a longer PICU length of stay (7.5 d in nontransfused vs. 9.3 d in transfused, P 5 0.0002) and, for children ventilated beyond 48 hours (n 5 421 [204 nontransfused and 217 transfused]), a longer length of mechanical ventilation (7.5 d in nontransfused vs. 9.6 d in transfused, P 5 0.003). Of note, 12 of 15 deaths (80%) in the transfused group occurred in patients who had received more than four transfusions in the PICU.
The number of patients who received a transfusion after 48 hours was 162 (17%). Predictors for receiving an RBC transfusion after the first 2 days in the PICU were calculated using a multivariate logistic regression analysis, excluding only those children receiving ECMO on PICU Days 1-2 (n 5 19). Factors predictive of a later transfusion in the bivariate analysis were tested in the multivariate model and are reported in Table 3 . Significant predictors of receiving a transfusion more than 48 hours after PICU admission were age of 28 days or younger, RBC transfusion on PICU Days 1 or 2, presence of severe or moderate anemia, presence of shock on PICU admission, admission because of trauma, admission category of cardiovascular or ''other,'' baseline PRISM III score of more than 5, having a hematologic/ oncologic comorbid condition, and high mean daily volume/kg of blood loss from blood draws. Factors not predictive in the univariate analysis were sex, race, and admission type (medical, surgical nontrauma, trauma). The reason for transfusion in the PICU was reported by the prescribing physician and is presented in Table 4 . Low Hb was the most common reason listed (42%), and this category had a significantly lower mean pretransfusion Hb than the other groups (P , 0.001). Bone marrow suppression and specific technologies were infrequent primary reasons for transfusion, but those patients had many more transfusion events per patient. Mean number of PICU transfusions varied significantly between reason groups (P , 0.0001).
There was marked variability in Hb values before transfusion. Table 5 shows the mean and median pretransfusion Hb plus intraquartile ranges for the first transfusion by age, admitting type (medical vs. surgical/trauma), and severity of illness (PRISM III score). Younger children had a higher mean pretransfusion Hgb (P , 0.0001). Children with a lower PRISM III score (<5) and a medical admission type had lower pretransfusion Hb levels (P , 0.001).
Median daily Hb values were lower for children who received a transfusion compared with those who did not (P , 0.0001; Figure 4 ). Excluding neonates, Hb values for 75% of children for the first 14 days of ICU stay were 8.4 g/dl or greater in those who did not receive a transfusion and 8.1 g/dl or more in those who received one or more PRBC transfusion.
DISCUSSION
This is the first large, multicenter, prospective study of anemia, blood loss, and transfusion practices in critically ill children. Anemia was a common problem, affecting 74% of these children during or immediately before PICU admission. Blood loss via blood draws was particularly significant in the younger age groups. Almost half of the study population received at least one RBC transfusion. The majority (74%) received their first transfusion in the first 2 days after admission and only 4% received it after the first week. These data provide evidence 78 (16) Mean pretransfusion hemoglobin significantly lower in the low hemoglobin group (P , 0.001).
* Surgical procedures: elective or emergent surgery, trauma. † Cardiovascular: cardiac dysfunction, hypotension, cyanotic heart disease. ‡ Specific technologies: extracorporeal membranous oxygenation, hemodialysis, plasmaphoresis, hemofiltration, exchange transfusion.
x Respiratory: enhanced oxygen delivery, low Pa O 2 , respiratory insufficiency. against prophylactic therapy with erythropoietin to prevent blood transfusions in the PICU setting, and focus more emphasis on blood loss prevention. After correction for age and illness severity, the increased length of stay and complications shown in the children who received a transfusion provide supportive evidence that efforts at minimizing transfusions should continue. Most data available on incidence of anemia and transfusion practices in the children come from neonates, which do not provide clear guidance for the highly variable PICU population (18) (19) (20) . Anemia in critically ill children is almost always treated by blood transfusion, and transfusions have been associated with increased PICU utilization (21) . Published reports suggest considerable variability in practice. A single-center Canadian study revealed that 15% of all children in the ICU received at least one transfusion (22) , whereas a British single-center study reported that 48% of all children in the PICU received at least one transfusion (23) . Surveys of physician opinion suggest wide variability of Hb values used to justify RBC transfusion decisions in children (24) (25) (26) . Our multicenter international study showed that the proportion of children who received at least one RBC transfusion while they were in the PICU was 49%.
The rate of anemia observed in our study population was higher than expected. These data mimic the results reported on adults by Vincent and colleagues in their prospective blood loss and transfusion survey in European ICUs, with similar rates of anemia on admission (33 vs. 36%) (11) . However, the prevalence of anemia in the PICU is greater due to the additional 41% who developed anemia in the PICU.
The impact of anemia on the outcome of critically ill children is not well understood. Some data suggest that severe anemia may be detrimental to critically ill children with septic shock or hemodynamic compromise (27) (28) (29) (30) . Anemia was associated with a worse outcome in the Corwin study, a descriptive prospective study that included 4,892 consecutive critically ill adults from 213 American ICUs (31) . The same association was observed in 3,534 adults from 146 Europeans ICUs (11) . The postoperative risk of death increases significantly when Hb concentration drops below 4 g/dl (32) . Three prospective studies run in Kenya involving, respectively, 2,433, 1,223, and 1,269 hospitalized children showed that the risk of death was significantly higher if their Hb concentration was lower than 5 g/dl and if they did not receive an RBC transfusion; these children were not critically ill, but most had respiratory symptoms (33) (34) (35) . Therefore, severe anemia seems to be an independent risk factor for death in sick patients, at least when the Hb concentration drops below 5 g/dl. On the other hand, a large multicenter randomized clinical trial, the TRIPICU (Transfusion Requirements in the Pediatric Intensive Care Unit) study, showed that a restrictive RBC transfusion strategy in which the threshold Hb concentration to prescribe a transfusion was 7 g/dl was not inferior to a liberal strategy with a threshold of 9.5 g/dl in stable, critically ill children (36) . This suggests that an RBC transfusion is probably not useful in stable children if their Hb concentration is above 7 g/dl. The Hb concentration that should prompt pediatric intensivists to prescribe an RBC transfusion in unstable children remains to be determined. Higher Hb concentrations may be required in children with greater severity of illness (e.g., shock) and in specific subpopulations (e.g., postoperative cardiac surgery).
Small body size and small total blood volume make children vulnerable to anemia secondary to blood draws despite the use of microsampling techniques. Our findings point out the need for future studies of blood conservation strategies via phlebotomy in the PICU. The median blood volume loss was 5.0 ml/day in our study, which is markedly less than the 41 ml/day reported by Vincent and colleagues in adult ICUs (11) . However, the degree of blood volume loss remains significant, particularly because almost half of our population was younger than 24 months. The total blood volume of a 5-kg child is about 400 ml in comparison to 5 L in a typical adult. Younger children have higher circulating blood volumes per kilogram (80 ml/kg) than older children and adults (70 ml/kg) (37), but the burden on them from iatrogenic blood loss remains significantly higher due to their overall lower blood volumes. Blood loss was not predictive of later anemia, most likely because such a high percentage of patients were anemic (74%) and our model did not determine whether blood draws led to more severe anemia. More importantly, we noted that blood loss secondary to blood draws early in admission was predictive of later transfusion.
Vincent and coworkers reported a transfusion rate of 34% in their adult trial. Our findings of a 49% transfusion rate are higher, potentially due to a different transfusion threshold practiced in the PICU. The mean pretransfusion Hb in the adult trial was 8.4 6 1.3 g/dl compared with our findings of 9.7 6 2.7 g/dl (11) . The results of the TRIPICU study suggest that it is safe not to give RBC transfusion to stable, critically ill children if their Hb concentration is higher than 7 g/dl (35) . In our study, the children who could be considered more stable (based on low PRISM III scores , 5) and who received a transfusion (n 5 253) had a mean pretransfusion Hb of 9.23 6 2.4 g/dl. Markedly fewer children in these groups might receive a transfusion if the results of the TRIPICU study are applied.
Almost three-quarters of our patients received their transfusions in the first 2 days. Unless the criteria for RBC transfusion changes, it is unlikely that therapies such as erythropoietin will be of benefit to prevent transfusions given the time required for this therapy to affect a change in Hb in critically ill patients (38) . The use of erythropoietin in the PICU may merit further study, however, because of recent evidence demonstrating a mortality benefit in critically ill adults, which was independent of its effect on Hb (39) .
This study represents the largest assessment of the RBC transfusion rationale among physicians caring for critically ill patients. Low Hb was almost twice as common as blood loss as the primary reason for transfusion. Therefore, clearer guidelines for Hb values that should trigger a transfusion would benefit clinicians. On the other hand, our data suggest that some attention must also be paid to other justifications, such as the severity of illness and blood loss. The strengths of our study include the size of the study population, and the focus on the relationship between PICU day and transfusion risk. We noted that those children staying in the PICU more than 48 hours are at higher risk for transfusion. The proportion of children who received an RBC transfusion was 17% in 216 children who stayed in the PICU less than 2 days in comparison to 49% in the 977 who stayed more than 48 hours (see Table E2 ). The generalizability to the entire PICU population must account for the fact that only approximately 20% of PICU patients have a length of stay greater than 48 hours.
In this long-stay population, our data show that, when corrected for severity of illness, transfusions were associated with significantly worse outcomes. This has not been shown previously in any prospective study in the PICU and warrants a serious look into the use of transfusions in this population. Our data are consistent with the adult literature by Vincent and colleagues and Corwin and coworkers, which also showed longer length of stay and increased morbidity and mortality in the transfused ICU patients (11, 31) . However, this was contrasted by the more recent analysis of adult ICU patients, which showed no mortality increase in patients who received a transfusion (40) . This discrepancy has been suggested to be due to PRBC factors such as leukoreduction and older age of blood. The storage age of blood of greater than 2 weeks was reported to be an independent risk factor of mortality in adult cardiac surgical patients (41) . Our findings of worse outcomes in the PICU children who received a transfusion, however, were with blood that had an 86% leukoreduction rate and 65% with storage age less than 14 days. Therefore, the effect of transfusion in our population appears to be independent of the suspected PRBC factors. A single-center retrospective study of transfusions in critically ill children by Kneyber and colleagues also found increased mortality and morbidity in children who received a transfusion, and all of their transfusions were with leukoreduced blood (42) . The finding that a majority of the deaths in this study occurred in patients with more than four transfusions raises the need to better understand the effects of transfusion in unstable children. There was no increased death rate in the children who received a single or double transfusions. We did confirm the findings of Slonim and coworkers that complications directly related to the administration of PRBCs in children are rare (43) .
In conclusion, the burden of anemia, blood loss, and transfusions in the PICU population are significant. Efforts to develop guidelines are clearly needed. Prospective studies taking into account the data provided in this large multicenter epidemiologic study should be undertaken to estimate the clinical impact of measures aiming to decrease blood draws, to prevent or treat anemia, and to decrease transfusions for critically ill children.
